###### Strengths and limitations of this study

-   Population-based, prospective cohort study of 6478 pregnancies.

-   Various biological and psychological measures at multiple follow-up points.

-   Perinatal depression assessment with the well-established self-report instrument Edinburgh Postnatal Depression Scale.

-   Low consent rate (20.4%) and over-representation of women born in Scandinavia, with high education, who are cohabiting with the child's father.

-   Relatively low attrition (70.8% remaining at 12-month follow-up), but greater dropout in women with baseline depressive symptoms.

Introduction {#s1}
============

Perinatal depression (PND) affects around 12% of pregnant women and new mothers worldwide[@R1] and constitutes a veritable challenge for public health. Being at least as common as depression in other periods in life,[@R2] PND manifests itself at a time of considerable social responsibility. Depression may impede a sensitive interaction with one's child and the adherence to caregiving recommendations.[@R3] In the wake of such difficulties lies the risk of impaired infant development,[@R5] especially since perinatal-onset depression may follow a chronic or recurrent course over years to follow.[@R6] Yet, PND, even at its most severe forms, is too often undiagnosed and untreated. According to a Swedish register study, one in four women who commit suicide in the perinatal period have no established contact with psychiatry.[@R7] Furthermore, whereas suicide rates in the general population have decreased over the past decades, maternal suicide rates showed no such improvement.[@R7]

Even though multiple risk factors for PND have been identified, especially in recent years, there is still a shortage of longitudinal, large-scale investigations.[@R2] Among psychological and social risk factors, moderate to strong such are, for example, previous mental morbidity, life stress, trauma and low socioeconomic status.[@R2] Furthermore, the pronounced physiological changes inherent to the perinatal period have spurred hypotheses of a distinguishable biological pattern.[@R2] Integrative research, exploring the interplay of these biopsychosocial factors, is particularly warranted.[@R8]

In this context, the Biology, Affect, Stress, Imaging and Cognition (BASIC) study in Uppsala, Sweden, was initiated in 2009 and is still ongoing. The purpose of the BASIC study is to enrich and expand our knowledge on the pathophysiological processes underlying PND and also to pinpoint both epidemiological and biological predictors of the disease in order to improve early detection.

Cohort description {#s1-1}
------------------

BASIC is a population-based, prospective cohort study at the Department of Obstetrics and Gynaecology at Uppsala University Hospital. In the county of Uppsala, all pregnant women are referred to Uppsala University Hospital for a routine ultrasound examination at gestational week 16--18, and 97% of women choose to attend. Around 4200 women give birth at Uppsala University Hospital per year. Women listed for routine ultrasound examination are invited to the BASIC study. Exclusion criteria are age below 18 years, insufficient ability to read and understand Swedish, protected identity, known bloodborne infections and/or non-viable pregnancy as diagnosed by routine ultrasound.

Invited women receive written information about the BASIC study by post, together with the telephone number and email address to the study personnel. All participants give their written consent, separately for every modality they wish to take part in (e.g., questionnaires, surveys, blood samples, tissue samples and microbiota samples). Those selected for the nested case--control group receive additional information around gestational week 37 and a separate consent form regarding test sessions (see Data collection section). A parallel track of recruitment involves women giving birth via elective caesarean section (CS). Since 2013, women attending their preoperative appointment for elective CS are invited to the study and take part from childbirth and onwards. Analogously to the main track of recruitment, women in the elective CS group give their written consent to each preferred modality of study measurement after receiving written information. Participants may choose to decline specific measurements and to change their consent at any time as well as retrospectively.

Between September 2009 and November 2018, women during 31 687 pregnancies have been invited to the study. In 6478 of these pregnancies, the women chose to participate (consent rate 20.4%). So far, the total number of participants is 5492, with some participating in the study two (n=842) or three (n=72) times. Compared with the overall population of pregnant women in Uppsala and Sweden, participants are to a higher extent born in Scandinavia, living with the child's father, have a longer education and are less often overweight or obese. Moreover, they are on average slightly older, more often primiparous and their newborns are less often born prematurely or with low birth weight ([table 1](#T1){ref-type="table"}).

###### 

Sociodemographic information on BASIC study participants and pregnant women in the general population of Uppsala County and Sweden

  --------------------------------------------------------------------------------------------------------------
  Variables                             BASIC pregnancies\*†\   Missing, n   Uppsala County‡\   Sweden‡\
                                        2009--2018\                          2009--2016\        2009--2016\
                                        (n=6478), n (%)                      (n=32 258), %      (n=902 698), %
  ------------------------------------- ----------------------- ------------ ------------------ ----------------
  Maternal age, years (mean, SD)        31.5±4.5                129          30.4±5.2           30.3±5.3

  Primiparous                           2644 (46.3)             768          44.0               44.1

  Country of origin                                             969                              

   Scandinavia                          5027 (91.8)                          80.3               76.6

   Europe                               282 (4.3)                            3.1                3.4

   Outside Europe                       191 (3.1)                            16.6               19.9

  Cohabiting with the child's father     5145 (98.4)§           1250          95.7               93.1

  Education ≤12 years                   1292 (23.4)             965          46.7               48.5

  BMI before pregnancy, kg/m^2^         23.9±4.2                983          24.8               24.9

  Overweight/obese (BMI \>25 kg/m^2^)   1600 (29.1)             983          39.2               38.3

  Infant birth weight\                  143 (2.5)               816          5.1                4.4
  \<2500 g                                                                                      

  Premature delivery                    268 (4.7)               762          7.5                5.9
  --------------------------------------------------------------------------------------------------------------

Percentages given in relation to available information. Differences between BASIC and Uppsala County, and between BASIC and Sweden, are statistically significant (p\<0.05) except for BMI, which could not be statistically tested because of unknown SD for Uppsala County and Sweden. χ^2^ test for categorical variables and t-test for age with simulated datasets assuming normal distributions.

\*Most variables are based on data until 15 November 2018.

†Variables from medical records updated July 2018.

‡Information on Uppsala County and Sweden retrieved from the Swedish Medical Birth Register, hosted by the Swedish National Board of Health and Welfare. Age at childbirth, origin of birth and educational level retrieved from the Education Register and the Register of the Total Population 2009--2014, hosted by Statistics Sweden.

§In BASIC, this question was asked at 6 weeks postpartum.

BASIC, Biology, Affect, Stress, Imaging and Cognition; BMI, body mass index.

Participants are followed-up at multiple points from baseline at gestational week 16--18 through 1-year postpartum ([figure 1](#F1){ref-type="fig"}). Internet-based surveys are sent to all participants at baseline, at gestational week 32, and postpartum at 6 weeks, 6 months and 12 months. Biological samples are collected at several of these points and at childbirth. Furthermore, perinatal health information, especially regarding childbirth, is gathered continuously through linkage to medical journals. The study protocol has been updated several times during its 9-year course (see Data collection section). In every survey, a link enclosed at the end guides participants to the study website and patient information on PND. Women reporting severe signs of depression, for example, suicidal ideation, receive an email asking if they would prefer the researchers to contact them via telephone. Women that prefer a contact receive a call by a member of the research team and are offered practical advice and referral to a psychologist or psychiatrist if appropriate.

![Biology, Affect, Stress, Imaging, and Cognition (BASIC) study timeline and broad categories of measurement. *Note*: Survey at delivery for a subgroup of women giving birth via elective caesarean section are not shown.](bmjopen-2019-031514f01){#F1}

Women not answering to follow-up surveys are sent three email reminders. A flowchart of the BASIC participants is presented in [figure 2](#F2){ref-type="fig"}. The follow-up rate is 83.7% at 6 weeks postpartum, 77.7% at 6 months postpartum and 70.8% at the last follow-up at 12 months. Non-responders to the surveys (including dropouts and those skipping a certain survey) are more likely to be multiparous, born outside Scandinavia, have less than 12 years of education, have higher average body mass index (BMI), report a history of depression and report depressive symptoms at baseline, as compared with responders ([online supplementary table 1](#SP1){ref-type="supplementary-material"}).

10.1136/bmjopen-2019-031514.supp1

![Flowchart of Biology, Affect, Stress, Imaging and Cognition (BASIC) study participants.](bmjopen-2019-031514f02){#F2}

This research project was constructed without patient involvement. Patients were not invited to comment on the study design and were not consulted to develop patient relevant outcomes or interpret the results. Patients were not invited to contribute to the writing or editing of this document for readability or accuracy.

Data collection {#s1-2}
---------------

An overview of the surveys and biological samples is presented in [figure 1](#F1){ref-type="fig"}. Surveys involve several psychometric self-report instruments (available at the item level) together with questions designed by the research team ([table 2](#T2){ref-type="table"}). Participants repeatedly answer the Edinburgh Postnatal Depression Scale (EPDS)[@R9] and/or the Depression Self-Rating Scale (DSRS)[@R10] on depressive symptoms. Anxiety symptoms are measured with the State-Trait Anxiety Inventory for Adults (STAI-AD, state and/or trait scale)[@R11] or the Beck Anxiety Inventory (BAI).[@R12] Updates regarding questionnaires over the 9-year course of the study are outlined in [figure 3](#F3){ref-type="fig"}. The surveys moreover encompass, for example, obstetrics/gynaecology information, medical information, lifestyle, sleep, psychological measures (e.g., personality and adult attachment), trauma and stressful events, and other questions (e.g., sociodemographic information, partner support and breastfeeding). For detailed information on survey contents beyond psychometric instruments, please see [online supplementary table 2](#SP2){ref-type="supplementary-material"}.

10.1136/bmjopen-2019-031514.supp2

![Periods of usage and number of respondents of psychometric questionnaires in the surveys. ASQ, Attachment Style Questionnaire[@R48]; BAI, Beck Anxiety Inventory[@R12]; DSRS, Depression Self-Rating Scale[@R10]; EPDS, Edinburgh Postnatal Depression Scale[@R9]; IBQ, Infant Behavioural Questionnaire[@R49]; LITE, Lifetime Incidence of Traumatic Events[@R50]; PBQ, Postpartum Bonding Questionnaire[@R51]; RS-14, Resilience Scale[@R53]; SOC-29, Sense of Coherence[@R54]; SQ-PTSD, Screen Questionnaire-Post-Traumatic Stress Disorde[@R55]; STAI-S, State-Trait anxiety Inventory-State scale[@R11]; STAI-T, State-Trait Anxiety Inventory-Trait scale[@R11]; SLES, Stressful Life Events Scale[@R56]; SSP, Swedish universities Scales of Personality[@R57]; VPSQ, Vulnerable Personality Style Questionnaire.[@R58]](bmjopen-2019-031514f03){#F3}

###### 

Contents of baseline and follow-up surveys

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                             Gestational week 16--18 (baseline)                                                             Gestational\                         Postpartum\                           Postpartum\                           Postpartum 12 months (2013--)
                                                                                                                                            week 32                              6 weeks                               6 months                              
  ------------------------------------------ ---------------------------------------------------------------------------------------------- ------------------------------------ ------------------------------------- ------------------------------------- ----------------------------------------------
  Depressive symptoms                        EPDS[@R9]\                                                                                     EPDS                                 EPDS\                                 EPDS\                                 \
                                             DSRS[@R10]                                                                                                                          DSRS (2011--)                         DSRS (−2011)                          \

  Anxiety symptoms                           STAI-S[@R11] (2011--2012)\                                                                     STAI-S (2011--2012)\                 STAI-S (2011--2012)\                  STAI-S (2011--2012)\                  
                                             BAI[@R12] [@R13] (2013--)                                                                      STAI-T[@R11] (2011--2012)\           BAI (2013--)                          STAI-T (2011--2012)\                  
                                                                                                                                            BAI (2013--)                                                               BAI (2013--)                          

  Obstetric and gynaecological information   Planning of pregnancy\*\                                                                       Pregnancy complications\*\           Delivery information\*\                                                     
                                             Nausea/vomiting\*\                                                                             Fear of delivery\*\                  Delivery experience\*                                                       
                                             Premenstrual symptoms\*                                                                        Delivery expectations                                                                                            

  Medical information                        Depression history\*\                                                                          Current medication\*                                                       Current medication\*                  Current medication\* (2013--)
                                             Prior contact with psychiatry\*\                                                                                                                                                                                
                                             Somatic health conditions\*\                                                                                                                                                                                    
                                             Prior and current medication\*                                                                                                                                                                                  

  Lifestyle                                  BMI before pregnancy\*\                                                                        Training, fruit intake\* (2013--)\   Smoking\*\                            Smoking\*\                            
                                             Smoking\*                                                                                      BMI                                  Alcohol\*                             Alcohol\*                             

  Sleep                                      Hours of sleep\*\                                                                              Sleeping problems\*\                 Sleep quality\*\                      Sleep quality\*\                      Hours of sleep\*\
                                             Sleep\* (2018--)                                                                               RLS[@R59]\                           Infant sleep\* (2018--)               Infant sleep (2018--)                 Infant sleep (2018--
                                                                                                                                            Sleep\* (2018--)                                                                                                 

  Psychological measures                                                                                                                    ASQ[@R48] (−2012)\                   IBQ[@R49] (2013--)                    PBQ[@R51]                             VPSQ (2013--)[@R58]\
                                                                                                                                            SSP (−2011)[@R57]\                                                                                               IBQ (2013-)
                                                                                                                                            SOC-29[@R54] (2013-)\                                                                                            
                                                                                                                                            RS-14 (2013-)                                                                                                    

  Trauma and stressful events                Intimate partner violence\*                                                                                                         SLES[@R56]\                           SLES\                                 LITE[@R50] (2013--)
                                                                                                                                                                                 SQ-PTSD [@R55] (−2011)                SQ-PTSD (2011--)                      

  Other                                      Sociodemographic information: age, marital status, country of birth, education, employment\*                                        Partner support\*\                    Partner support\*\                    Breastfeeding\* (2013-)\
                                                                                                                                                                                 Breastfeeding\*\                      Breastfeeding\*\                      General questions, life right now\* (2013--)
                                                                                                                                                                                 General questions, life right now\*   General questions, life right now\*   
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Period of usage is stated in parentheses if other than 2009--2017.

\*Questions designed by the research team.[@R48] [@R10] [@R9] [@R49] [@R50] [@R51] [@R11]

ASQ, Attachment Style Questionnaire; BAI, Beck Anxiety Inventory; DSRS, Depression Self-Rating Scale; EPDS, Edinburgh Postnatal Depression Scale; IBQ, Infant Behavioral Questionnaire; LITE, Lifetime Incidence of Traumatic Events; PBQ, Postpartum Bonding Questionnaire; RLS, Restless legs questionnaire; RS-14, Resilience Scale; SLES, Stressful Life Events Scale; SOC-29, Sense of Coherence; SQ-PTSD, Screen Questionnaire-Post-Traumatic Stress Disorder; SSP, Swedish universities Scales of Personality; STAI-S, State-Trait Anxiety Inventory-State scale; STAI-T, State-Trait Anxiety Inventory-Trait scale; VPSQ, Vulnerable Personality Style Questionnaire.

The BASIC project contains various modalities of biological sampling ([table 3](#T3){ref-type="table"}). The main cohort leaves peripheral blood samples at gestational week 16--18 (as part of the Uppsala Biobank for Pregnant Women) and at childbirth. Umbilical cord blood and biopsy are collected at childbirth, for genetic and epigenetic analyses. For a period (2010--2013), childbirth biological samples additionally included placental biopsy and amniotic fluid, in order to investigate possible transcriptional, translational or genetic correlates of PND. Women giving birth with elective CS further contribute with cerebrospinal fluid (CSF), for future analyses that are considered valuable in psychiatric research. Moreover, since 2016, participants leave microbiota samples at multiple times during the study period.

###### 

Description of the collection, handling and storage of biological samples

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Type of sample                                                               Time of collection                                                               No of samples                                                                              Handling and storage
  ---------------------------------------------------------------------------- -------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------ --------------------------------------------------------
  Maternal blood sample                                                        Gestational week 16--18\*                                                        n=1304\*                                                                                   Centrifuged and stored at −70°C as plasma

  Gestational week 38†                                                         n=342†                                                                           Centrifuged and stored at −70°C as buffy coat, plasma, serum and in PAX tube               

  Delivery                                                                     n=3744                                                                           Centrifuged and stored at −70°C as buffy coat, plasma and serum                            

  8 weeks postpartum†                                                          n=402†                                                                           Centrifuged and stored at −70°C as buffy coat, plasma, serum and in PAX tube               

  Amniotic fluid (2010--2013)                                                  Delivery                                                                         n=1145                                                                                     Frozen and stored at −70°C

  Placental biopsy (2010--2013)                                                Delivery                                                                         n=967                                                                                      Frozen on dry ice and stored at −70°C (n=917)\
                                                                                                                                                                                                                                                           Fixed and embedded in paraffin wax blocks (n=606)

  Umbilical cord biopsy                                                        Delivery                                                                         n=2459                                                                                     Frozen on dry ice and stored at −70°C (n=2373)\
                                                                                                                                                                                                                                                           Fixed and embedded in paraffin wax blocks (n=2407)

  Umbilical cord blood sample                                                  Delivery                                                                         n=3446                                                                                     Stored at −70°C as whole blood

  Cerebrospinal fluid                                                          Delivery‡                                                                        n=389‡                                                                                     Stored at −70°C\
                                                                                                                                                                                                                                                           centrifuged (n=223) or not centrifuged (n=166)

  Microbiota samples (since 2016)                                              Gestational week 20                                                              n=578 (saliva), n=504 (vaginal), n=455 (faecal)                                            Home sampling, mailed to the study and stored at −80°C

  Gestational week 32                                                          n=481 (saliva), n=447 (vaginal), n=393 (faecal)                                  Home sampling, mailed to the study and stored at −80°C                                     

  6 weeks postpartum                                                           n=356 (saliva), n=314 (vaginal), n=272 (faecal)                                  Home sampling, mailed to the study and stored at −80°C                                     

  Microbiota samples for bacterial DNA extraction and culturing (since 2016)   Delivery                                                                         n=332 (vaginal DNA), n=317 (vaginal culture), n=300 (rectal DNA), n=282 (rectal culture)   Stored at −80°C

  Microbiota, infant faeces (since 2016)                                       Early faecal samples from the postpartum ward or taken at home by the parents.   n=286                                                                                      Stored at −80°C

  Urine samples (2010--2012)                                                   Gestational week 38†                                                             n=220†                                                                                     Stored at −70°C

  8 weeks postpartum†                                                          n=190†                                                                           Stored at −70°C                                                                            

  Saliva samples (cortisol awakening response; 2010--2012)                     Gestational week 38†                                                             n=161†                                                                                     Home sampling, mailed to the study and stored at −20°C

  Evening salivary cortisol (2011--2012)                                       Gestational week 36§                                                             n=268§                                                                                     Centrifuged and stored at −20°C

  6 weeks postpartum§                                                          n=181§                                                                           Centrifuged and stored at −20°C                                                            
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\*Part of the Uppsala Biobank for pregnant women, available only for women participating in both studies.

†Nested case--control group.

‡Elective caesarean subgroup.

§Evening cortisol subgroup.

Participants in the study consent to a review of their medical records. The collected information includes, for example, sociodemographic information (overlapping with survey questions), medical history within obstetrics/gynaecology, current medication, pregnancy complications, biochemical analyses (e.g., haemoglobin, thyroid-stimulating hormone), childbirth characteristics (e.g., mode of delivery, induction, analgesia, blood loss and perineal lacerations) and neonatal information (e.g., birth weight and Apgar scores).

Nested case--control group {#s1-3}
--------------------------

A subgroup of the participants are invited to a psychophysiological test session at our research laboratory around gestational week 38 and/or around postpartum week 8. Invitations to women scoring 12 or more on the EPDS in gestational week 32 or at 6 weeks postpartum are given priority in order to oversample cases with ongoing depression. During pregnancy, we have also prioritised those reporting antidepressant treatment. Twelve points or more is the validated Swedish EPDS cut-off for postpartum depression screening.[@R14] Regarding antenatal depression, in 2011 a Swedish validation study recommended a cut-off of 13 points or more[@R15]; however, we retained the same invitation criteria for consistency. Women scoring 0--11 on the EPDS are invited as controls and strong priority is given to those with scores between 2 and 6 in order to try to ensure mental well-being among controls.

Between January 2010 and December 2018, 715 and 713 invitations were sent out for pregnancy and postpartum test sessions, respectively. This has resulted in 349 (48.8 % participation rate) pregnancy test sessions and 413 (57.8% participation rate) postpartum test sessions, including 65 women who have attended at both time points. Of the women invited to the pregnancy test sessions, 36.2% had screened positive on the EPDS in the previous survey, at gestational week 32, while 17.8% had EPDS scores of 7--11, and 46.0% had scores of 0--6. Moreover, 8.5% of test-session participants reported antidepressant treatment, 37.9% of whom screened positive on the EPDS in the previous survey. At the time of the pregnancy test session, 15.9% of all women had positive EPDS screening, and according to a structured psychiatric interview (the MINI International Neuropsychiatric Interview),[@R16] 6.9% had ongoing major depression. Of those invited to the postpartum test sessions, 37.8% had left a positive EPDS screening in the previous survey, at 6 weeks postpartum, whereas 8.4% had scores of 7--11, and 53.7% had scores of 0--6. At the time of the postpartum test session, 23.8% screened positive on the EPDS and 8.3% had ongoing major depression according to the MINI. Since 2015, healthy non-pregnant, non-postpartum women have been invited to the same test-session protocol as described below (not included in study participation flowchart, [figure 2](#F2){ref-type="fig"}). As of 2019, we have recruited 93 participants and the goal is to recruit 200.

During test sessions, women answer self-report instruments on depressive and anxiety symptoms and take part in the MINI International Neuropsychiatric Interview and a test of short-term memory (digit span test).[@R18] Furthermore, two sets of complementary cognitive and physiological analyses have been employed during the study course. The first set, implemented in 2010--2014, included measures of sensorimotor gating (prepulse inhibition, PPI)[@R19] and attentional bias (emotional Stroop task).[@R20] These measures were chosen as we had indications that disrupted PPI would be a sensitive measure for ovarian hormone-related mood disorders[@R21] and since attentional bias represents a central cognitive alteration associated with depressive episodes.[@R23] The second set, implemented after 2014, comprises measures on autonomic nervous system activity (heart rate variability) and body composition (bioimpedance; only postpartum) in order to assess possible correlations with depression which have been increasingly suggested by emerging literature during this period.[@R24] The number of women engaging in the different modules is presented in [table 4](#T4){ref-type="table"}. In addition, the subgroup contributes with samples of peripheral blood, urine and saliva ([table 3](#T3){ref-type="table"}) in order to enable the assessment of possible correlates in these more easily accessible biological fluids.

###### 

Test-session modules for the nested case--control group

  Measure                                                         Pregnancy test session (gestational week 38) n=349    Postpartum test session (postpartum week 8), n=413
  --------------------------------------------------------------- ----------------------------------------------------- ----------------------------------------------------
  Self-report questionnaires                                      EPDS, MADRS,[@R60] STAI-S, STAI-T, IUS,[@R61] n=349   EPDS, MADRS, STAI-S, STAI-T, IUS, n=413
                                                                  MUS,[@R62] n=112                                      MUS, n=205
  MINI International Neuropsychiatric Interview, Module A**\***   n=346                                                 n=394
  Psychophysiological measurements                                PPI, n=217                                            PPI, n=170
                                                                  HRV, n=109                                            HRV, n=178
                                                                                                                        Bioimpedance, n=187
  Cognitive tests                                                 Digit span test, n=344                                Digit span test, n=337
                                                                  Emotional Stroop task, n=201                          Emotional Stroop task, n=171

\*Depressive episodes (Swedish version). Over the years, additional modules have been used.

EPDS, Edinburgh Postnatal Depression Scale; HRV, heart rate variability; IUS, Intolerance of Uncertainty Scale; MADRS-S, Montgomery-Åsberg Depression Rating Scale; MUS, medically unexplained symptoms; PPI, prepulse inhibition; STAI-S and STAI-T, State Trait Anxiety Inventory.

Elective caesarean subgroup {#s1-4}
---------------------------

Since 2013, a separate track of recruitment has invited women scheduled for an elective CS, who are not already part of the study. As a substitution to the pregnancy surveys of the main cohort, these women answer a survey around the time of childbirth with retrospective information regarding their pregnancy together with current symptomatology (e.g., the EPDS). From childbirth and onwards, they are followed-up according to the usual study protocol including biological samples and surveys. Characteristic of this subgroup is the contribution of CSF samples at childbirth, which they have in common with women delivering via elective CS in the main recruitment track ([table 3](#T3){ref-type="table"}).

Cortisol subgroups {#s1-5}
------------------

Between December 2011 and March 2012, as well as between June and August 2012, 365 women from the main cohort were invited to enrol in the evening cortisol subgroup at gestational week 36. Study participants received written instructions to provide self-collected evening salivary cortisol samples (between 20:00 and 22:00), collected at home by use of a kit sent by post, at gestational week 36 and at 6 weeks postpartum. At the same points, the EPDS questionnaire was answered. Collection of saliva is an easy, non-invasive process that can be performed in home settings. Salivary cortisol is a measure of the free cortisol level and cortisol is active only in the unbound state. This is beneficial especially in pregnant subjects as altered concentrations of corticosteroid-binding globulin may complicate the interpretation of total plasma cortisol during pregnancy. Moreover, the chosen method facilitates comparison with previous studies (please see Iliadis *et al* [@R26] for literature review). The time frame was chosen to facilitate participation, taking into consideration the unique and demanding circumstances of the early postpartum period. Moreover, the fluctuations of cortisol levels during this interval were expected to be small. Initially, 284 women (78%) at gestational week 36 and 243 (67%) at 6 weeks postpartum agreed to participate by providing salivary samples. Valid cortisol samples along with a completed EPDS questionnaire were collected from 268 women at gestational week 36 (94%) and 181 women postpartum (79%), who constitute the final evening cortisol subgroup.

Additionally, between 2010 and 2012, another subgroup of women (n=216) were invited to contribute with self-collected morning salivary cortisol samples in gestational week 38. Women were instructed to collect samples immediately after awakening, and at 15, 30 and 45 min postawakening, to enable studies on the cortisol awakening response. A total of 161 women completed the morning sampling. The evening and morning samples were requested from different groups of women in order to avoid low compliance.

Findings to date {#s1-6}
----------------

Up to this point, publications based on the BASIC cohort ([www.basicstudie.se/publicerade-arbeten](www.basicstudie.se/publicerade-arbeten)) have described various risk factors for PND ([figure 4](#F4){ref-type="fig"}). In a recent article, we outline correlates to different symptomatic trajectories across our broad set of measurements.[@R27]

![Areas of Biology, Affect, Stress, Imaging and Cognition (BASIC) study findings with examples.](bmjopen-2019-031514f04){#F4}

Several findings concern dysregulation of the hypothalamic--pituitary--adrenal (HPA) axis. High corticotropin-releasing hormone (CRH) levels in midpregnancy were found to be associated with the use of antidepressants,[@R28] but cortisol awakening response did not differ between pregnant women with or without depressive symptoms.[@R29] However, postpartum cortisol levels were associated with concurrent depressive symptoms[@R26] and CRH levels of non-depressed pregnant women in gestational week 17 were higher among those who developed de novo depressive symptoms postpartum, compared with healthy controls.[@R30] These results indicate a dysregulation of the HPA axis, several weeks prior to the occurrence of postpartum depressive symptoms, and are consistent with the hypothesis that, after delivery, the HPA axis of depressed women may be temporarily suppressed because of an effect of high circulating levels of CRH during pregnancy on adrenal function. This may result in greater residual hypothalamic suppression and HPA-axis hypoactivity in the postpartum period, which could predispose vulnerable individuals for depression with postpartum onset. Moreover, a single nucleotide polymorphism of a gene implicated in the cortisol metabolism, the hydroxysteroid (11-beta) dehydrogenase 1 (HSD11B1), is associated with both the personality domain of neuroticism and postpartum depressive symptoms.[@R31] Neuroticism[@R33] and attachment anxiety[@R34] have been identified as important, and not entirely overlapping, predisposing psychological factors for postpartum depressive symptoms. These adjusted associations in a prospective material provide support for a model of personality as a vulnerability factor for PND and suggest benefits of combining perspectives from the largely separated fields of hormonal stress responses, personality and attachment in the study of PND aetiology.

The role of the immune system in PND has been explored in studies on inflammatory markers. Women with antenatal depression or on Selective Serotonin Reuptake Inhibitor (SSRI) treatment during pregnancy had lower levels in 23 inflammatory markers in comparison to healthy pregnant controls.[@R35] Several of the top-down regulated markers, such as TNF-relatedapoptosis-inducing ligand (TRAIL), Macrophagecolony-stimulating factor 1 (CSF-1), Fractalkine (CX3CL1), Vascular endothelialgrowth factor A (VEGF-A) and Interleukin-15receptor subunit alpha (IL15Rα), have been associated with M2 macrophage function. When studying pregnant women that later presented with postpartum depressive symptoms, there was no support for the use of any inflammatory marker by itself in late pregnancy for predicting the risk of depression development.[@R36] However, Signal transducing adaptor molecule-binding protein (STAM-BP) might be useful in combination with other biological markers in the future. When comparing women with depressive symptoms postpartum with healthy postpartum controls, five of the markers (TNF-related activation-induced cytokine (TRANCE), Hepatocyte growthfactor (HGF), Interleukin (IL)-18, Fibroblast growth factor (FGF)-23 and Chemokine (c-X-C motif) ligand 1 (CXCL1)) were elevated in affected women.[@R37] When comparing pregnant and postpartum euthymic women, 41 markers had decreasing levels and 9 markers increased in the postpartum period.[@R38] The three markers that decreased most from pregnancy to postpartum were Leukemiainhibitory factor receptor (LIF-R), Latency-associated peptide transforming growth factor beta-1 (LAP TGFbeta1) and C-C motif chemokine 28 (CCL28), while the three markers increasing the most were TRANCE, Tumor necrosis factorligand superfamily member 12 (TWEAK) and Eotaxin (CCL11). In summary, no marker in any of the studies investigating PND was distinct enough to be used as a sole diagnostic tool. However, findings underline the plasticity of the immune system during this period and further research on its role in PND is warranted.

Obstetric factors have also been investigated. Prolonged nausea during pregnancy is associated with the development of depressive symptoms postpartum.[@R39] An association between heavy postpartum haemorrhage and postpartum depressive symptoms was found to be mediated by postpartum anaemia.[@R40] Mode of delivery was not directly associated with postpartum depressive symptoms; however, emergency CS or vacuum extraction was a factor associated with higher risk.[@R41] Moreover, conception by means of in vitro fertilisation was not a risk factor for antenatal or postpartum depressive symptoms.[@R42]

In addition to PND, the BASIC project has incorporated placental and fetal outcomes. For example, young maternal age and excessive maternal weight gain are associated with a higher prenatal androgen exposure of female fetuses.[@R43] Antenatal depression and antidepressant exposure during pregnancy were associated with an altered gene expression in the placenta.[@R44] Another study showed that the elevated risk of preterm birth in antidepressant (SSRI) users was not mediated by increased placental CRH production.[@R28] In women with psychiatric morbidity, maternal cortisone to cortisol ratio was positively associated with birth weight, also after adjustment for several potential confounders.[@R45]

Since the lion's share of this data collection is yet to be analysed, future plans on the BASIC study material involve many potential subprojects. For example, machine learning methods applied to the multimodal measurements of the BASIC study are now implemented, with analyses ongoing.

Strengths and limitations {#s1-7}
-------------------------

As a population-based, longitudinal study with several follow-up points, the BASIC study has a richness in data on an individual level comprising a biopsychosocial context. Thus, it enables a great level of detail in epidemiological investigations. Furthermore, its sample size is one of the largest in the field.

The relatively low acceptance rate may raise doubts about the cohort's representability. Baseline comparison with the general population indicates that participants have a sociodemographic low-risk profile. A possible contributing factor is the enrolment in a university town. However, regarding the acceptance rate as such, the BASIC study may not differ substantially from other longitudinal studies in the perinatal period. Moreover, it must be noted that the sample has a relatively low rate of depressive symptoms. Among participants, there was a greater dropout among women with baseline depressive symptoms. Still, rates of clinically relevant depressive symptoms correspond to earlier reports[@R46] across the whole follow-up, perhaps since loss to follow-up was relatively limited. Under-representation at baseline and higher attrition of women at risk are common challenges for prospective studies of peripartum mental health[@R47]. Whereas this project's approach has been ambitiously broad, future cohort studies might want to prioritise among measures in order to facilitate participation. The acceptability of consecutive surveys might be addressed by employing validated short versions of questionnaires, or by using technical tools that enable a convenient distribution of batches of questions (eg, smartphone applications). Furthermore, researchers may consider developing multilingual study instructions and consult experts of how to adapt question formatting for minority groups.

Largely, symptoms of depression and anxiety were assessed by self-report surveys, which may introduce certain types of information bias. On the other hand, the majority of questions belonged to instruments that are psychometrically evaluated and widely accepted in the field, for example, the EPDS.[@R9] For nearly all participants, the DSRS, which is based on the Diagnostic and Statistical Manual of Mental Disorders (DSM)-IV depression criteria, is available both during pregnancy and after delivery. Furthermore, the MINI International Psychiatric Interview is also available for a subset of the cohort.

Collaboration {#s1-8}
-------------

Researchers interested in collaboration may contact Professor Alkistis Skalkidou (corresponding author) with their request. The BASIC study steering committee considers the scientific quality of the aims and methods of incoming requests in addition to the volume of the requested data or samples. The committee prioritises study questions on PND.
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